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High prevalence of Helicobacter pylori in saliva
demonstrated by a novel PCR assay
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Abstract

Aims—To investigate the prevalence of
Helicobacter pylori in the saliva of patients
infected with this bacterium.
Methods—A novel polymerase chain re-
action (PCR) assay was developed to detect
H pylori in saliva and gastric biopsy speci-
mens from patients undergoing en-
doscopy.

Results—Our PCR assay amplified a 417
base pair fragment of DNA from all 21
DNAs derived from H pylori clinical iso-
lates but did not amplify DNA from 23
non-H pylori strains. Sixty three frozen
gastric biopsy and 56 saliva specimens
were tested. H pylori specific DNA was
detected by PCR in all 39 culture positive
biopsy specimens and was also identified
from another seven biopsy specimens
which were negative by culture but positive
by histology. H pylori specific DNA was
identified by PCRin saliva specimens from
30 (75%) of 40 patients with H pylori in-
fection demonstrated by culture or histo-
logical examination, or both, and in three
patients without H pylori infection in the
stomach.

Conclusion—The results indicate that the
oral cavity harbours H pylori and may be
the source of infection and transmission.
(¥ Clin Pathol 1995;48:662—666)
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Helicobacter pylori is now recognised as an im-
portant cause of active chronic gastritis in
humans, plays a significant pathogenic role in
the development and recurrence of gastric and
duodenal ulcers,'?> and perhaps gastric can-
cer.*® The mode of transmission, the natural
history and other aspects of the epidemiology
of H pylori infection are still unclear.

There is some evidence that the mouth may
be a reservoir for H pylori infection. In two
studies from India using conventional micro-
biological techniques, H pylori was present in
the dental plaques of 100% of asymptomatic
volunteers® and in 98% of dyspeptic subjects.’
In a report from Sweden, however, H pylori was
not recovered by culture from dental plaques or
saliva from any of 52 patients who had culture
positive gastric biopsy specimens.?

Polymerase chain reaction (PCR) protocols
have recently been developed to detect H
pylori in clinical specimens.”'? Using this
technique, attempts to detect H pylorr DNA
in dental plaque have been reported recently.
From subjects whose gastric biopsy specimens

were culture negative, 13 (93%) of 14 adults"
and 11 (58%) of 19 children'* were positive
by PCR. In patients with proven gastric in-
fection, H pylori DNA was detected in seven
(39%) of 18'* and in two (13%) of 13 (15%),'°
respectively. As the primers used in these stud-
ies were derived from different genes, the res-
ults are difficult to evaluate.

We have recently developed a highly sens-
itive and specific DNA probe from chro-
mosomal DNA of H pylori.'” We have shown
that the probe is very useful for typing H
pylori clinical isolates.'”'® Here, we further
report the development of a novel PCR assay
based on the DNA sequence of our probe
(Musich P R, Li C, 1994, unpublished
data) and its use in the investigation of the
prevalence of H pylori in saliva. The results
indicate that our PCR assay is a valuable
tool for detecting H pylori in saliva and could
be used to elucidate the mode of transmission
of infection.

Methods

SOURCE OF BACTERIAL STRAINS

The H pylori strains used in this study
included the American Type Culture Col-
lection (ATCC) strain 43629 and 20 H
pylori isolates from human gastric biopsy
specimens.”

Twenty three strains, including five Helico-
bacter spp, 12 closely related non-Helicobacter
spp and four urease positive species not
closely related to H pylori, were used in
specificity studies. They included: H fennelliae
(ATCC 35684); H cinaedi (clinical isolate);
H heilmanii (ATCC 49286); H felis (ATCC
49179); H mustelae (ATCC 43772); Campy-
lobacter concisus (ATCC 33237); C sputorum
subsp. sputorum (ATCC 35980); C sputorum
subsp. bubulus (ATCC 33491); C jejuni (two
clinical isolates); C coli (clinical isolate); C
lari (Skirrow, E152283); C upsaliensis (clinical
isolate); C fetus subsp. fetus (clinical isolate);
C rectus (VPI 10278B); Arcobacter cryaerophila
(clinical isolate); Wolinella succinogenes (ATCC
29543); W. subsp. group 2 (VPI 10279); W.
subsp. group 3 (VPI 10296); Escherichia coli
(AT CC 25922); Klebsiella pneumoniae (clinical
isolate); Morganella morganii (clinical isolate);
and Proteus mirabilis (clinical isolate). The
clinical isolates were obtained from the Clin-
ical Microbiology Laboratory, Department of
Microbiology, James H. Quillen College of
Medicine, East Tennessee State University,
and were isolated and identified by standard
microbiological procedures.'
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BIOPSY AND SALIVA SPECIMENS

Gastric biopsy specimens were obtained from
63 patients undergoing endoscopic examin-
ations at the Veterans Affairs Medical Center,
Johnson City, Tennessee, approved by the In-
stitutional Research Board of East Tennessee
State University. All biopsy specimens were
cultured as described previously,'” examined
histologically and stored at —70°C. Modified
Steiner (silver) stain was used for identification
of H pylori in histological specimens. Saliva
specimens (1-2 ml) were collected from 56 of
the 63 patients before undergoing endoscopy.
The patients were asked to expectorate the
saliva directly into new sterile containers con-
taining digestion buffer (100mM NaCl,
10 mM Tris—-HCI (pH 8:3), 250 mM EDTA,
and 1% sodium lauryl sarcosine). The saliva
specimens were stored at —70°C.

PREPARATION OF GENOMIC DNA rFor PCR
ASSAY

Genomic DNA from H pylori isolates and non-
H pylori strains were prepared from freshly
harvested bacterial cells as described pre-
viously."”

Each frozen gastric biopsy specimen was
gently washed with TE buffer (10 mM Tris—
HCl, 1 mM EDTA, pH 8:0) and then trans-
ferred to an Eppendorf tube. The specimens
were suspended in 100 pl digestion buffer
and 100 pg proteinase K per ml and incubated
at 55°C for three hours. The nucleic acids
were extracted with an equal volume of phenol
chloroform and precipitated with absolute eth-
anol. The DNA pellets were washed with 75%
ethanol and finally resuspended in 50-100 pl
TE buffer.

One volume of the digestion buffer and
100 pug proteinase K per ml were added to the
saliva samples and incubated at 55°C for three
hours. The samples were then processed as
for the DNA preparation from gastric biopsy
specimens, described earlier.

PCR PRIMERS

Sequence data of the 0.86 kilobase DNA frag-
ment (Musich P R, Li C, 1994, unpublished
data) were used to select two 24 base oligo-
nucleotide primers designated EHC-U (5'-
CCC TCA CGC CAT CAG TCC CAA AAA-
3) and EHC-L (5-AAG AAG TCA AAA
ACG CCC CAA AAC-3). The oligo-
nucleotides were synthesised at The Johns
Hopkins University, School of Hygiene and
Public Health, on the Eppendorf Synostat-D
DNA Synthesiser and purified by a reverse
phase high pressure liquid chromatography
method. The expected product of amplification
of the target sequence with these primers was
417 base pairs in length.

PCR AMPLIFICATION

Amplification was performed in 50 pl reaction
volumes containing the following: 0-5 uM of
each primer; 200 UM (each) dATP, dCTP,
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dTTP, and dGTP; 1 x reaction buffer (50 mM
KCl, 10mM TrissHCl (pH 8-3), 1-5mM
MgCl,, and 0-001% w/v gelatin); 1-25 units of
Taq polymerase (Perkin-Elmer Cetus, Nor-
walk, Connecticut, USA); and 2 ul of DNA
sample. Thirty cycles of amplification were
performed in a DNA thermal cycler (GeneAmp
PCR 9600 system, Perkin-Elmer Cetus). Each
cycle consisted of a 45second denaturation
step at 94°C, a 30second annealing step at
59°C and a 45 second extension step at 72°C.
The final cycle included an extension step
(10 minutes at 72°C) to ensure full extension of
the product. Negative reagent control reactions
were included in each batch of amplifications
and consisted of tubes containing distilled
water in place of the DNA samples.

PREPARATION OF DNA PROBE

The 417 base pair fragment was amplified from
genomic DNA of H pylori type strain ATCC
43629 by PCR with the EHC-U and EHC-L
primers and used as the probe in Southern
hybridisation. After amplification, the reaction
mixtures were electrophoresed in 1-5% agarose
gels and the 417 base pair fragments of interest
were recovered from an agarose gel by elec-
trophoresis onto DEAE-cellulose membrane
(Nytran, NA-45, Schleicher & Schuell, Keene,
New Hampshire, USA).?° The DNA probe was
labelled with **P-dCTP (Amersham, Arlington
Heights, Illinois, USA) by the Prime-a-Gene
labelling system (Promega, Madison, Wis-
consin, USA) to a specific activity of 1-2 x 10°
cpm/pg DNA.

Figure 1 Agarose gel electrophoresis of the 417 base pair
(bp) amplified PCR products from H pylori ATCC
436219 (lane 1) and pUC, plasmid DNA containing the
0-86 kilobase fragment (lane 2). Lane M contains a
pPGEM DNA marker (Promega).
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SOUTHERN BLOT HYBRIDISATION ANALYSIS

For identification of the amplified products,
10 ul of the PCR reaction was analysed by
electrophoresis on 1-5% agarose gels (SeaKem
LE Agarose; FMC Products, Rockland, Maine,
USA) and the amplified fragments were then
transferred from the agarose gel to a nylon
membrane (Nytran, Schleicher & Schuell) by
standard Southern blotting.?* The membranes
were hybridised with the **P-dCTP labelled
DNA probe at the conditions described pre-
viously.!” The membranes were exposed to
Kodak X-Omat XAR-5 film with intensifying
screens for one to four hours at —70°C.

Results

DEVELOPMENT OF THE PCR Assay

By using the EHC-U and EHC-L primers, our
PCR assay successfully amplified the expected
product of 417 base pairs in size when either
pUC,, plasmid DNA containing 0-86 kilobase
insert or genomic DNA from H pylori type
strain ATCC 43629 was used as a template
(fig 1).
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Figure 2 Detection of H pylori in gastric biopsy specimens. The amplified products were
analysed by agarose gel electrophoresis (A) and Southern blot hybridisation (B). Lane 1,
H pylori ATCC 436219 (positive control); lanes 2—11, gastric biopsy specimens collected
from 10 patients; lane 12, PCR negative control; lanes 5 and 10, gastric biopsy specimens
Jfrom rwo patients which were negative for H pylori infection on histological examination,

culture and PCR.

Li, Musich, Ha, Ferguson, Patel, Chi, et al

SENSITIVITY AND SPECIFICITY OF THE PCR
ASSAY
The sensitivity of PCR for detection of H pylor:
sequences was tested by preparing serial di-
lutions of genomic DNA from H pylor: type
strain ATCC 43629. As little as 0-1 pg of gen-
omic DNA generated a detectable 417 base
pair fragment when 10 pl of PCR reaction mix-
ture was analysed by agarose gel elec-
trophoresis. The sensitivity of the PCR assay
for the detection of bacterial cells was also
evaluated by using 10-fold dilutions of fresh
H pylori (ATCC 43629) bacterial cells. The
number of bacterial cells per ml was estimated
by means of McFarland nephelometer stand-
ards. The cells were then diluted with sterile
distilled water and boiled for 15 minutes. PCR
assay could detect as few as 10 cells when
amplified products were analysed by Southern
blot hybridisation. Our PCR assay also detected
H pylori specific DNA from all 21 H pylor:
clinical isolates when the amplified products
were examined by agarose gel electrophoresis.
Twenty three genomic DNAs from five Hel-
icobacter spp (H mustelae, H fennelliae, H cinaedi,
H felis, and H heilmanii), 14 closely related,
non-Helicobacter spp and four urease positive
species not closely related to H pylori were used
to test the specificity of our PCR assay. Twenty
two of these strains showed no amplified prod-
ucts at an annealing temperature of 59°C when
tested by agarose gel electrophoresis and South-
ern blot hybridisation. One strain (W suc-
cinogenes) generated a 500 base pair fragment
which was detectable on agarose gel elec-
trophoresis but was not detected by Southern
blot hybridisation. When the annealing tem-
perature was increased to 62°C, however, no
amplified product was detected from W suc-
cinogenes by agarose gel electrophoresis. As W
succinogenes is restricted to bovine rumen and
is not isolated from humans, use of PCR an-
nealing temperature at 59°C is not epi-
demiologically significant.

PCR ASSAY OF GASTRIC BIOPSY SPECIMENS
Gastric biopsy specimens obtained from 63
patients were tested by PCR assay, and the
results were compared with those of histological
examination (modified Steiner stain) and cul-
ture. PCR assay detected H pylori specific
DNA in all 39 culture positive biopsy speci-
mens. Seven additional biopsy specimens
which were negative by culture but positive by
histology were also found to contain H pylori
specific DNA by PCR. The remaining 17 bi-
opsy specimens which were negative by both
histology and culture were also negative by our
PCR assay. Figure 2 shows a representative
PCR result of the gastric biopsy specimens
from 10 patients. Lanes 5 and 10 are PCR
negative. The gastric biopsy specimens from
these two patients were also negative for H
pylori infection as tested by histological ex-
amination and culture.
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Figure 3 Detection of H pylori in saliva specimens. The amplified products were
analysed by agarose gel electrophoresis (A) and Southern blot hybridisation (B). Lane 1,
H pylori ATCC 436219 (positive control); lanes 2—11, saliva specimens collected from the
same 10 patients as shown in fig 2; lane 12, PCR negative control; lane 4, a PCR
negative saliva specimen from a patient whose gastric biopsy specimen was positive for H
pylori infection; lanes 5 and 10, PCR negative saliva specimens from two patients whose
gastric biopsy specimens were also negative for H pylori infection.

PCR AsSSAY OF SALIVA SPECIMENS

Saliva specimens were collected from 56
patients and tested by PCR. Forty of the 56
patients were shown to have H pylori infection
by culture, PCR and/or histological ex-
amination of their gastric biopsy specimens.
The PCR assay detected H pylori sequences in
saliva specimens from 30 of these 40 patients
and in saliva specimens from three other
patients without gastric H pylori infection. Fig-
ure 3 shows a representative PCR result of the
saliva specimens from the same 10 patients
as shown in fig 2. Lanes 5 and 10 are PCR
negative for the saliva specimens from two
patients whose gastric biopsy specimens were
also negative for H pylori as demonstrated by
histological examination, culture and PCR
assay. The negative PCR result in the lane 4 is
from the saliva specimen of a patient whose
gastric biopsy specimen was positive by culture
and PCR assay.
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Discussion

In this study a novel PCR assay for detecting H
pylori DNA in clinical specimens was developed
using two 24 base oligonucleotide primers
based on the sequence of the 0-86 kilobase
fragment of chromosomal DNA of H pylori
(Musich P R, Li C, 1994, unpublished data).

Sixty three gastric biopsy specimens were
tested for H pylori specific DNA by our PCR
assay. Good correlation between our PCR assay
and culture/staining methods indicates that the
PCR assay is sufficiently specific and sensitive
to use for the detection of H pylori in clinical
specimens. Hammar et al'? reported that their
PCR assay detected the presence of H pylori in
four biopsy specimens which were negative by
culture. However, no information about the
presence of H pylori on histological staining
was given. Clayton ez al'° reported that H pylori
was detected by PCRin 15 of 23 clinical gastric
biopsy samples. Only seven of these samples
were positive for H pylori on culture and micro-
scopy. Mapstone et al'® found that eight
patients with histologically normal gastric bi-
opsy specimens had H pylori DNA on PCR. It
is difficult to compare these findings because
of the use of different primers, PCR protocols
and sampling techniques.

Valentine et al® and Zwet et al*' showed that
the results of detection of H pylori by culture
were comparable with those of their PCR assay.
In our study the PCR assay identified H pylori
from an additional seven biopsy specimens
which were negative on culture but positive on
histology. It is obvious that the PCR assay is
more sensitive (46/63) than culture (39/63),
which depends on the presence of viable or-
ganisms.

Recently, we have successfully isolated H
pylori from the saliva of one patient whose
gastric biopsy specimen was positive on cul-
ture.”” This prompted us to use PCR to in-
vestigate the prevalence of H pylori in saliva.
Our PCR assay identified H pylori specific
DNA in 75% (30 of 40) of patients with proven
gastric H pylori infection. Hammar ez al'? re-
ported a 47% (nine of 19) detection rate of H
pylori specific DNA by PCR in saliva specimens
from patients with proven H pylori infection
and Mapstone et al'® found 31% (three of 31)
of saliva specimens to be positive on PCR. Our
PCR assay had a higher rate of detection of H
pylori DNA in saliva (75%) than these reports.
This may be explained by our finding that the
0.86 kilobase DNA fragment used to develop
our PCR assay may exist as multiple copies in
the genomic DNA of H pylori.?? Other possible
explanations may be that (1) saliva specimens
were directly collected into the digestion buffer
in our protocols and (2) the whole saliva sample
was used for extraction of DNA rather than
pellets from saliva.

H pylori DNA was identified by PCR in saliva
specimens from three patients whose gastric
biopsy specimens were negative for H pylori on
histological examination, culture and PCR. It
is unlikely that these specimens were con-
taminated by extraneous H pylori DNA for the
following reasons. Firstly, the saliva specimens
were collected by asking the patients to ex-
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pectorate directly into new sterile containers
before undergoing endoscopy. Secondly, we
performed sample collection, DNA extraction,
pre-PCR preparation, and PCR amplification
in separate rooms. Finally, we performed our
PCR assay procedures using a minimum num-
ber of steps, used disposable tips and tubes,
and regularly included negative controls with
each test. There was no clear correlation be-
tween gastric symptoms and the presence of
H pylorit DNA in the oral cavity. It is possible
that oral colonisation by H pylori may precede
gastric infection. The possibility of such oral
colonisation is supported by the observation of
H pylori in the dental plaque of children at a
much higher frequency than had been pre-
viously reported in the literature.'*

Whether the H pylori DNA we have detected
in saliva represents long term colonisation or
sporadic reinfection from gastric reflux is not
clear. However, H pylori has been recovered by
culture from dental plaques®? and saliva.? H
pylori DNA has also been identified by PCR in
dental plaques'*>™® and saliva'?!® of patients with
and without H pylori infection in several other
studies. These findings suggest that the mouth
may be a permanent reservoir for the organism
and a source of both infection and transmission.
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